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Abstract 
Nanotechnology revolution seems to be one of the fastest growing industries and promising technologies in our society. Research has shown 
that nanoparticles exhibit certain unique qualities and properties which gave rise to its production and consumption along with its unknown 
health and environment effect. Nano-safety field has become one of the hot research topics that are crucial to being explored especially its 
imposing hazards and risk mitigation. As the study of the nanoscale particle is limited, thus, the study of the fire and explosion hazard of 
nanomaterials research on its potential to form explosible clouds is very crucial. Therefore, this paper is aim to investigate the explosion 
behaviour affected by the changes of particle size from micro to nano size particle. The study focuses on the turbulent kinetics energy flow of 
aluminium (Al) particles inside 20L explosion chamber. The study is developed using CFD ANSYS FLUENT simulation and validated using a 
set of pressure-time data. As a result, the obtained data is relevant to proof that the severity of explosion increasing with the decreasing of the 
Al particle size. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICPEAM 2016. 
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1. Introduction 
A nanoparticle is defined as a particle with the diameter ranging from 1 – 100 nm [1]. A nanoparticle can occur naturally such 
as volcanic ash or soot from forest fires or as a byproduct of combustion processes such as welding. During the second half of the 
previous century, the term “nanotechnology” was not familiar among the society compared to the current era. In nanotechnology, 
any particles that fall between 1nm to 100 nm are defined as nanoparticles. Nanoparticles are also known as nanomaterials, 
nanopowder and ultra-fine particles. With a very fine size, it tends to dictate the bulk behavior of any materials. For example, 
materials that typically be as a conductor to electricity have a tendency to be as an insulator at the nanoscale or vice versa.  
Nanotechnology is all about synthesizing and manipulating the materials according to the market demand and consequently 
improves the quality and durability of a product [2]. This is also known as engineered nanoparticles as the atomic molecules need 
to be deployed into required nanoscale patterns. In the past ten years, nanotechnology had attracted a lot of attention and grown 
tremendously in different industry application such as electronic, biomedical, pharmaceutical, cosmetic, energy, environmental, 
catalytic and material applications [3]. A nanoparticle is under great scientific research as there is the bridge between the bulk 
materials and the atomic structure. According to Nowack and Bucheli [3], since nanoparticles have been widely used in many 
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sectors, great investment had been expressed through the research and development and the production of engineered 
nanoparticles will increase up to 58, 000 tons by 2020. 
The use of nanotechnologies envisioned to an extent of providing means for the production of light and durable materials, pure 
water, clean energy, and not to forget medical application as well. In spite of extensive advancement in exploration and growth 
with unique and valuable impact on nanotechnology sector, there are still hazards that might be harmful [1]. One of the particular 
areas of interest is the fire and explosion hazard. It is associated with the process industries that manufacture, use and/or handle 
the nanoparticles materials. Based on Murillo et al. [4], there are few important parameters that can contribute to the nanoparticles 
explosion. The parameters are including the particle shape, particle size distribution (PSD), degree of agglomeration, dust 
concentration in the cloud and degree of turbulence suspension.  
Normally, most of the manufacturing units that process the nanoparticle materials are under the risk of fire and explosion. 
Referring to Wu, Chang, & Hsiao [5], there were 11 cases have been reported in Taiwan due to the dust explosion between the 
year 1991 to 2003. Due to these accidents, a new area arose especially those which dealing with nanoparticles. According to 
Huang [6], particle diameter plays a significant role to determine the combustion mechanisms through its influence on the 
characteristic transport (diffusion) time relative to the chemical kinetic time. A smaller particle will be gasified quickly due to its 
larger surface area. In addition, a large particle at high pressure may burn under diffusion-controlled condition while small 
particle at low pressure may burn under kinetically controlled condition. Therefore, nanoparticles are considered as an explosive 
material if the release is happened due to its small and tiny size but with a larger surface area. Thus, this paper is aim to 
investigate the explosion behaviour affected by the changes of particle size from micro to nanoparticle size. 
 
2. Methodology 
2.1. Materials 
Based on its properties, Aluminium (Al) particles has been chosen as a material to be investigated in this study. This is due to 
its highly explosive properties which can cause ignition when the particles are suspended in air as a dust cloud [7]. Besides that, as 
there are quite a numbers of study has been conducted using Al for the experimental setup, it is easy to compare the result with 
the theoretical data. Table 1 below shows the properties of Al particles with different sizes while Table 2 shows the Al particle 
data. 
 
Table 1: Properties of aluminium particles with different sizes [8]  
Chemical Code Pmax (bar) (dP/dt)max 
(bar/s) 
Kst (bar.m/s) MEC (g/m3) MIE (mJ) 
Al-35nm 7.3 1286 349 40 <1 
Al-100nm 12.5 1090 296 50 <1 
Al-40µ 5.9 282 77 35 59.7 
 
Table 2: Aluminium particle data 
Aluminium Data Values 
Density (kg/m3) 2719 
Diameter (nm) 1 
Concentration (g/m3) 250 
 
2.2 Methods 
The explosion severity of Al micro and nano particles is investigated using Computational Fluid Dynamic (CFD) ANSYS 
FLUENT. At the beginning of the simulation process, the fluid phase is described by the numerical solutions (Finite volume 
method) of the Navier-Stoke equation as it considers the air as a continuous medium. It is likely to solve the mass, momentum 
and energy conservation of laws for the fluid during the dispersion stage after the discretization mesh and calculating the mean 
value of the specific flow parameter in each and every cell. 
A CFD simulation is carried out to study the fluid motion and the hydrodynamics of the suspensions. It was conducted using a 
Euler-Lagrange approach where the flow variables are characterized with two phase during the dispersion process. Apart from 
that, Euler-Lagrange is used because of the solid phase quantity does not describe a high volume fraction in the mixture. In this 
study, Euler is used for the fluid phase at which the fluid is in the continuous flow whereas the Lagrange is dedicated to the solid 
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phase which will be used for the discrete particle. Two ways coupling is considered since the fluid flow will eventually affect the 
particle motion and vice versa. It is also used to solve the discrete and the continuous phase equations [4][9][10]. 
On the one hand, as this study is conducted in the transient mode, the analysis of the process with a dynamic boundary 
condition needs a very fine mesh during the meshing process [4]. The transient state also affected by a few characteristics of the 
flow and the boundary condition that will be defined at the gas injection point. This is because the momentum of the fluid flow 
constantly changes with the gas expansion. Besides that, the particle density is greatly influenced by the micrometric size scale 
for the disperse phase which is higher than the gas density. 
 
x The Explosion Apparatus: 20L Explosion Chamber 
CFD simulation was simulated using a standard 20L sphere apparatus. The bottom line of the experiment is the spherical 
explosion chamber. It is made from stainless steel and can resist up to 30 bar (static pressure). The rebound nozzle is placed at 
the bottom of the chamber pneumatically. While, the input section of the chamber is connected to a container with V=0.0006 m3 
and the dust is injected at 21 bar of compressed air. The apparatus is also joined to a vacuum line which is used for the Al-air 
mixture preparation. 
 
x Computational Domain And Mesh 
The computational domain and the mesh were built as a tri-dimensional (3D) by the software ANSYS FLUENT. The sphere is 
modelled with the inlet of the dust without including the rebound nozzle. Fig. 1 (a) shows the structure of the domain that was 
built using Geometry Modeler and Table 3 is the details of the domain. Whereas Fig. 1 (b) illustrates the structure of the mesh 
and the details are given in Table 4.  
 
a. b. 
Fig. 1: (a) Structure of Domain; (b) Structure of Mesh 
 
Table 3: Geometry Details of the Domain 
Geometry Details Value (m) 
Sphere diameter 0.336 
Tube diameter 0.020 
Tube length 0.720 
 
Table 4: Meshing Details of the Domain 
Mesh Details Values 
Number of Nodes 13883 
Number of Elements 43417 
 
x Numeric Solution 
The finite-volume formulation on the 3D unstructured mesh was used for the hydrodynamics fluid flow equation. The 3D 
discretization model used first-order schemes for convective terms and second order schemes for diffusion terms. The first order 
time integration was used with a time step of 1.10-4 s. In order to segregate the pressure-based solver from the CFD-Fluent, the 
equivalent calculation was performed. Meanwhile, the coupled semi-implicit method for pressure linked equations (SIMPLE) 
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was used to solve the pressure-velocity coupling. Lastly, towards achieving the convergence, all residuals were set equal to 1.10- 
6. 
The discrete phase model (DPM) is defined by the ordinary differential equations whereas the continuous flow is defined as a 
partial differential equation. Thus, the DPM is using its own discretization schemes and numerical mechanism. Thus, Euler 
integration is used as a lower order scheme while the coupled semi-implicit trapezoidal integration is used as a higher order 
scheme. The particle tracking integration time step is similar to the fluid flow time step of 1.10- 4 s. 
 
x Simulation Condition 
In this study, it is assumed that the fluid is air at a constant atmospheric temperature. As an initial condition, a similar 
condition is adopted where both air and Al will be injected at the pressure of 21 bar. The mixture of the air and the Al is fed into 
the chamber for 40s with a very low velocity (0.001 m/s). 
A list of data involving the parameters of the explosion is obtained in order to develop the dispersion model in the CFD 
software. These data is obtained from the research analysis of the experimental setup conducted from the past journals and 
research that will be used later as an input data in the simulation. Since the input data is obtained from the experimental setup 
analysis, therefore, the result from the simulation modeling will be validated and compared with the result of the experimental 
data. 
3. Results and Discussion  
3.1. Model Validation 
A dust explosion is a phenomenon where a flame will be propagated in a combustible cloud particle dispersed in the air. The 
particle size has a significant impact on the ignition and the explosion which strongly influenced by the particle size. During the 
entrance at the feeding phase, the gas velocity is at the sonic condition. However, towards the end, the gas velocity significantly 
decreases. The important factor in this simulation is the pre-ignition turbulence level and the dust dispersion for nano and micro 
size Al particle. Fig. 2 is the pressure vs. time graph as computed in the explosion sphere. Based on the pressure plot graph, the 
feeding phase of the mixture of air and the Al dust is injected from the inlet of a sphere with a high pressure [9]. While, the end 
time at the feeding phase may vary depending on the dust concentration and the sizes. The results of the final pressure profile in 
the sphere is compared with the experimental data available in the literature review. Based on the comparison and validation, it 
has given about 14% error where it is relevant and acceptable.  
 
  
Fig. 2:  Pressure time histories computed in the explosion sphere 
3.2. Turbulent Kinetics Energy 
 The pre-ignition turbulence plays an important role in the explosion behavior. Turbulence kinetics energy is one of the 
important parameters under this study. Turbulence kinetics energy is the mean kinetics energy per unit mass associated with 
eddies in the turbulent flow that can be produced when there is a friction, fluid shear or external force. 
Fig. 3 shows the time sequence of the turbulent kinetics energy over the symmetry plane of the chamber for Al nanoparticles. 
It is crucial to note that the contour for turbulent kinetics energy for nanomaterial is higher compared to the micron size particle 
(Fig. 4). It is located at the center of the chamber where the particles will agglomerates and form the dust cloud. The maximum 
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value for the turbulence kinetics energy for nano size particles is 4.317e-5 m2/s2 whereas for micron size particles is 3.858e-5 
m2/s2. Based on the study by Murillo et al. [4], when the particles dispersed into the air, the particles tend to agglomerates each 
other which resulting to the high turbulence kinetics energy. This is because nano size Al particles has higher surface area per 
volume ratio compared to micro size particles allowing the turbulent eddies inside the chamber to be high. Apart from that, a 
higher surface area also plays an important role where it increases the ignition tendency at a fast rate that can cause an explosion 
to happen.  
Eventhough the contour for nano and micro size of Al particles show a similarity, the turbulence kinetics energy for nano size 
give a higher value compared to the micro size particles. The turbulent kinetics energy is high at the 20s and the energy grows 
bigger at the middle of the chamber. The reaction between the air and the Al particles is as fast as 5s when the dust cloud is 
formed near to the feeding phase of the inlet. 
 
 
Fig. 3: Time sequence of the maps of turbulent kinetic energy (m2/s2) frontal view for nano size particles 
 
 
Fig. 4: Time sequence of the maps of turbulent kinetic energy (m2/s2) frontal view for micro size particles 
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4. Conclusion 
Aluminium (Al) particle is selected as a material due to its explosive properties which can cause ignition when the particles 
are suspended in air as a dust cloud. It is necessary to determine the particular characteristic of substances in nano-scale particle 
which is different from the conventional micro-scale particle. The changes of the particle size form micro to nano size particle 
can affect the explosion behaviour. This study focuses on the turbulent kinetics energy flow of Al nano and micro particles inside 
20L explosion chamber. The study is developed using a 3D CFD simulation and validated using a set of pressure-time data. The 
developed CFD model has been successfully validated against the available data in the literature with 14% error. By simulating 
the entire project through a transient mode, accuracy is expected due to the time marching solutions. It is crucial to analyze the 
dust explosion using the transient mode since the time scale factor can be used to understand more precisely on the particle sizes 
and the degree of agglomeration that can cause the dispersion of the dust within the chamber. 
The turbulence kinetics energy is higher at the center of the chamber for nano size Al. It can be concluded that Al with nano-
size particles has a higher surface area that will eventually cause an explosion due to its high tendency of catching the fire at a 
very fast rate. For a recommendation, it is recommended to study the dust dispersion with various types of particles and different 
concentration as per available data in the literature. It is required to observe the different between each particles reaction towards 
the explosion severity. 
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